13 14 15 16 17 SUMMARY: 18 Faithful replication of chromatin domains during cell division is fundamental to eukaryotic 19 development. During replication, nucleosomes are disrupted ahead of the replication fork, followed 20
INTRODUCTION
or histone sliding, is detected as a continuous movement of histone fluorescence signal with a tip of 291 the replication bubble from the moment of nucleosome-fork encounter ( Figure 4C , Video 10 and 292 Figure S3C ). This sliding behavior is likely indicative of two molecular phenomena, which at present 293 cannot be distinguished. One possibility is that the whole nucleosome is being pushed ahead of the 294 replication fork, as observed for nucleosome remodelers (Bowman, 2010) . Alternatively, the 295 nucleosome is disassembled at the point of fork collision, the fluorescent histone then associates with 296 the replisome and travels with it along the DNA. Sliding typically occurs over short distances (within a 297 few kilobase pairs) but occasionally we observed nucleosome/histone push on a scale of 25 -30 298 kilobase pairs, spanning over a half of the length of l DNA (48.5 kbp). Replication fork stalling upon 299 collision with a nucleosome is exemplified in our experiments by a static histone fluorescence next to 300 an arrested tip of the replication bubble ( Figure 4D , Video 11 and Figure S3D ). In this scenario, the 301 nucleosome acts as a roadblock preventing the replication fork from further movement.
302
Nucleosome eviction and localized histone transfer are the two ultimate outcomes of 303 replication fork encounter with nucleosomes as, once they have occurred, the fork and nucleosome 304 (histone) are no longer in contact/proximity. In contrast, nucleosome/histone sliding and replication 305 fork stalling preserve the fork-nucleosome/histone 'interaction', and hence often lead to secondary 306 outcomes ( Figure 5 ). Both sliding and stalling can terminate in nucleosome/histone eviction (Figures represented the second most probable outcome of replication fork collision with nucleosomes. of free histones; at least 2 12 times higher than an equivalent extract of somatic cells. Thus, we set out 364 to determine whether the probabilities of the four outcomes of fork-nucleosome encounter would be 365 different in extracts containing less histones.
366
We estimated the concentration of histones in our replication-promoting extracts by Western 367 blots as approximately 10 and 20 µM for H4 and H3, respectively ( Figures 6C and 6D ). Newly 368 synthesized histone H4 is acetylated at lysine 12 (H4-K12Ac) and forms a pre-deposition complex with 369 histone H3 (Verreault et al., 1998). We depleted extracts of histone H4, using an antibody recognising either H4-E63C A647 or H3-K36C Cy5 , in extracts depleted of histones H4 and H3. For both templates, we 375 observed a reduction in the mean replication fork velocity relative to regular extracts (565 nt/min 376 from 638 nt/min for H4-E63C A647 and 523 nt/min from 635 nt/min for H3-K36C Cy5 ; Figures 6E and 6F ).
377
Based on the observation that H4/H3-depleted extracts contain less histone chaperone Asf1 (~25% 378 less than in undepleted extracts; Figure S6A ), we rationalized that the observed reduction in the 379 replication fork rates might reflect changes in the histone-to-chaperone ratio. leading to histone transfer upon collision with nucleosomes would be lower than for forks prompting 395 nucleosome eviction. We compared replication fork velocities leading to different outcomes upon 396 nucleosome-fork encounter in regular extracts and detected no such difference ( Figure 6G ). Indeed,
397
we found no correlation between replication fork speed and any of the nucleosomal outcomes evident 398 during replication in extracts.
399
Our results strongly suggest that excess provision of free histones during replication, as found 400 in Xenopus egg extracts, leads to impaired localized histone recycling. We further tested this 401 hypothesis by performing single-molecule replication assays in extracts depleted of the free 402 endogenous histones (as described above) but supplemented with recombinant histones H4 and H3 Figure S8 ). Consistent with our predictions, we found reduced levels of histone transfer (21.0% for H4-411 E63C A647 and 27.2% for H3-K36C Cy5 ) and higher frequency nucleosome/histone eviction events (34.1% 412 for H4-E63C A647 and 26.2% for H3-K36C Cy5 ), relative to histone depleted extracts (Figures 6A, 6B, 6H 413 and 6I). A similar trend was also observed for secondary transfer and eviction events (Figures 6H, 6I 414 and S7); i.e. events following initial slide and stall. In the case of H4-E63C A647 l nucleosomes, 415 nucleosome/histone sliding and replication fork stalling were detected at similar probability levels to 416 those found in regular and undepleted extracts ( Figures 6A and 6H ). We note that for l nucleosomes 417 containing H3-K36C Cy5 (Figures 6B and 6I) these two events were found at a slightly higher frequency 418 than previously detected for regular and undepleted extracts. Based on these data, we conclude that 419 the efficiency of localized histone recycling at the replication fork depends on the concentration of 
433
Broader implications and significance of our findings are discussed below. 
435

Implications of heterogenous parental histone dynamics upon collision with the replication fork
449
Through the use of this approach, we managed to demonstrate that, contrary to the prevailing 
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Transfer 25% Replisome nucleosome/histone sliding. Nucleosome (histone) sliding is observed when the histone-associated Fen1-KikGR was expressed and purified from E. coli with some modifications to the protocol described While the licensing reaction was taking place, replication extracts were prepared by mixing system (i.e. glucose to 40 mM, pyranose oxidase to 2.5 U/ml and catalase to 120 U/ml; Sigma G8270;
